Emerging yeast pathogens are favoured by increasing numbers of immunocompromised patients and by certain current medical practices. These yeasts differ in their antifungal drug susceptibilities, and rapid species identi cation is imperative. A large variety of methods have been developed with the aim of facilitating rapid, accurate yeast identi cation. Signi cant recent commercial introductions have included species-speci c direct enzymatic colour tests, differential chromogenic isolation plates, direct immunological tests, and enhanced manual and automated biochemical and enzymatic panels. Chromogenic isolation media demonstrate better detection rates of yeasts in mixed cultures than traditional media, and allow the direct identi cation of Candida albicans by means of colony colour. Comparative evaluation of rapid methods for C. albicans identi cation, including the germ tube test, shows that chromogenic media may be economically advantageous. Accurate tests for single species include the Bichrolatex Albicans and Krusei Color tests, both immunologically based, as well as the Remel Rapid Trehalose Assimilation Broth for C. glabrata. Among broad-spectrum tests, the RapID Yeast Plus system gives same-day identi cation of clinical yeasts, but performance depends on inoculum density and geographic isolate source. The API 20 C AUX system is considered a reference method, but newer systems such as Auxacolor and Fungichrom are as accurate and are more convenient. Among automated systems, the ID 32 C strip, the Vitek Yeast Biochemical Card and the Vitek 2 ID-YST system correctly identify > 93% of common yeasts, but the ID-YST is the most accurate with uncommon yeasts, including C. dubliniensis. Spectroscopic methods such as Fourier transformed-infrared spectroscopy offer potential advantages for the future. Overall, the advantages of rapid yeast identi cation methods include relative simplicity and low cost. For all rapid methods, meticulous, standardized multicenter comparisons are needed before tests are fully accepted.
Introduction
The increase in the number of immunocompromised patients (e.g., transplant patients, patients with haematological malignancies, or acquired immunode ciency syndrome [AIDS] ) and certain developments in medical intervention (widespread use of broad-spectrum antibiotics, corticosteroids, anticancer drugs and central venous catheters) are among the major factors that have contributed to the emergence of new opportunistic yeasts [1, 2] . Most emerging yeast pathogens are Candida species other than Candida albicans. Thus, while approximately ve Candida species were considered pathogenic in the 1960s, recent reviews listed at least 17 Candida species as being pathogenic [3, 4] .
Moreover, these opportunistic yeasts vary greatly in their susceptibilities to current antifungal agents, causing signi cant patient management problems [5] . It is well known that strains of C. lusitaniae [6] may show resistance to amphotericin B, while C. krusei and C. glabrata [4, 7, 8] are relatively resistant to uconazole. Rapid species-level identi cation of signi cant yeast isolates is imperative for prompt institution of appropriate antifungal therapy [9] , since susceptibility data for the isolated strain may not immediately be available. It is essential to avoid, for example, the automatic prescription of amphotericin B in a patient with a septicemia due to C. lusitaniae [6] . Clinical microbiology laboratories face an important challenge to select a system for yeast identi cation that is accurate, cost-effective, easily interpreted and reasonably rapid.
Conventional methods of yeast identi cation that rely heavily upon Wickerham or Delft assimilation/fermentation characters are cumbersome and often beyond the range of expertise available in non-specialized clinical microbiology laboratories. This consideration has spawned research into developing simpli ed methods to rapidly and accurately identify common medically important yeasts.
A variety of methods for identifying yeasts from clinical specimens have been marketed these two last decades. These include (i) rapid methods, e.g., enzymatic tests performed on colonies after primary isolation or directly on differential isolation plates, and immunological tests with polyclonal or monoclonal antibodies, and (ii) biochemical and enzymatic panels with carbohydrate assimilation and/or fermentation and/or preformed enzyme detection, including manual and automated systems. This paper reviews these different methods and particularly those marketed this last decade. Several systems which seem to be promising tools are also mentioned, such as (i) cellular fatty acid analysis by gasliquid chromatography, and (ii) spectroscopic methods.
Rapid identi cation methods requiring less than 5 h

Enzymatic methods used in primary isolation
Fluorogenic and/or chromogenic enzyme substrates have been used to rapidly and accurately identify C. albicans [10] [11] [12] [13] . These enzyme substrates can be (i) introduced into the primary isolation medium or (ii) can be employed following primary isolation of the organisms. The rst enzyme used to differentiate Candida species was a b -D-glucosidase [13] . However, Polacheck et al. [12] later demonstrated that C. albicans could not be reliably identi ed based on b -D-glucosidase activity alone. Kelley [14] showed that the detection of the Nacetyl-b -D-galactosaminidase allowed the distinction of C. albicans from C. parapsilosis. For the detection of this galactosaminidase, Perry & Miller [11] evaluated the uorogenic enzyme substrate 4-methylumbelliferyl-Nacetyl-b -D-galactosaminide for the speci c identi cation of C. albicans. Frampton et al. [15] then evaluated the chromogenic b -glucuronidase substrate 5-bromo-4-chloro-3-indoxyl-b -D-glucuronide, which did not diffuse into the agar during microbial growth and did not require either a uorescent light for visualization of colonies or a broth-based growth technique.
Direct identi cation on primary differential media
The incorporation of uorogenic or chromogenic substrates directly into the growth agar media to reveal species-speci c enzyme activity allows for easier discrimination of Candida species colonies in mixed yeast populations than does Sabouraud agar, and also allows rapid identi cation of Candida species directly on the primary isolation medium. These media may avoid or diminish the need for subculture and further biochemical tests, and considerably simplify the identi cation procedure. Several such medium formulations have been marketed (Table 1) .
The longest manufactured differential agar media use uorogenic substrates. One disadvantage with these media is that the hydrolysed uorescent product diffuses into the agar to the neighbouring colonies after 24 h of incubation. Therefore, it is dif cult to distinguish C. albicans from the other Candida species in mixed cultures [16] [17] [18] . Furthermore, a UV light is required for reading the plates. For these reasons, the use of chromogenic substrates is now preferred. The performances of the different media are reported in Table 2 . While CHROMagar Candida identi es C. albicans, C. tropicalis and C. krusei, the other chromogenic media identify only C. albicans. Of note, in accordance with the ndings of other authors [26, 27, 31, [34] [35] [36] and in contrast to the ndings of Pfaller et al. [29] , Bernal et al. [30] and Willinger et al. [37] , our results [22, 24, 28] showed that CHROMagar Candida does not allow the identi cation of C. glabrata. As a matter of fact, based on the study of 289 yeast isolates encompassing 21 species, we showed that 10 yeast species other than C. glabrata (C. kefyr, C. lusitaniae, C. guilliermondii, C. famata, C. rugosa, C. utilis, C. robusta, C. pelliculosa, Cryptococcus neoformans, Saccharomyces cerevisiae) produced pink and glossy colonies which might lead to a high degree of confusion about the different species [28] . Previously Several studies conducted in our laboratory involving a total of 2463 clinical specimens, compared various chromogenic media with the reference Sabouraudchloramphenicol agar (SABC) [19, 22, 24] . These studies showed that, in terms of the detection of different types of yeasts, the results obtained with the chromogenic media were superior to those obtained with SABC (Table 2) , especially in the case of mixed yeast cultures. On chromogenic media, yeast colonies were slightly smaller than those obtained on SABC. If ranked according to visually evaluated colony size, chromogenic media can be ordered as follows: CHROMagar Candida > CandiSelect > Albicans IDˆFluoroplate. However, it should be noted that there is no connection between the colony size on a medium and the overall growth and detection ef ciency of that medium [22, 24, 38] . In fact, Albicans ID and Fluoroplate, which yielded the smallest colonies, were the most ef cient in identifying C. albicans within 24 h (Table 2) .
Chromogenic agar plates are more expensive than SABC plates. Increases in cost associated with the use of chromogenic agar plates may be offset depending on the type of specimens tested and the percentage of specimens cultured that do not contain any yeast. The greater the proportion of tested samples containing C. albicans, the more economical is the use of chromogenic media. In addition, because of the ability of chromogenic media to detect mixed yeast cultures, the greater the proportion of test specimens containing more than one yeast (e.g., sputum, bronchoalveolar lavage, upper respiratory tract samples), the better justi ed is the use of a chromogenic medium. Furthermore, if more organisms can be identi ed within 24 h rather than 48 h, this reduction in turnaround time can be translated directly into a more rapid transition from empirical to directed antifungal therapy. When several chromogenic media show similar performance with respect to fungal detection and C. albicans identi cation, the choice of a particular chromogenic medium will depend on the relative frequency of the species isolated (percentage of C. albicans, C. tropicalis and C. krusei), the cost of the medium, and the possibility of missing or misidentifying uncommon species (e.g. C. dubliniensis) as a result of using the medium.
Sullivan and coworkers [39] [40] [41] [42] characterized a novel species associated with oral candidiasis in human immunode ciency virus (HIV)-infected individuals. This species, C. dubliniensis, shares many phenotypic properties with C. albicans. Despite the many similarities between these two species, Coleman et al. [43] , Schoofs et al. [44] and Kirkpatrick et al. [45] stated that on CHROMagar Candida plates, colonies of C. dubliniensis (dark green) and colonies of C. albicans (light bluegreen) were distinguishable after incubation at 37 o C for 48 h. CHROMagar Candida allows the differentiation of these two species only following primary plating from clinical specimens, and recently Tintelnot et al. [46] , evaluating phenotypic markers for selection and identication of C. dubliniensis, have shown that only 30 of 53 proven C. dubliniensis isolates yielded a dark green colour in primary cultures on this medium. To date, no information concerning the ability of the other chromogenic media to distinguish C. albicans from C. dubliniensis has been published. As C. dubliniensis strains are known to be more resistant to azole antifungal agents in some clinical situations (e.g., oral specimens from HIVinfected and AIDS patients) [47] , it may be important to differentiate the two species. In such cases, Candida strains yielding blue or green colonies on chromogenic media should be further identi ed by means of (i) commercial yeast identi cation systems or, in the future, (ii) by immunological or molecular methods. Recently, Pincus et al. [48] , comparing the API 20C AUX, ID 32 C, RapID Yeast Plus, Vitek YBC and Vitek 2 ID-YST systems, showed that the rapidity of the assimilation of methyl D-glucose (MDG), trehalose (TRE) and xylose (XYL) achieved with the different commercial sytems, allowed the differentiation of C. dubliniensis from C. albicans. Marot-Leblond et al. [49] described an anti-C. albicans cell wall surface-speci c monoclonal antibody which might be a good candidate for the rapid differentiation of C. albicans from C. dubliniensis.
Methods carried out on colonies
Perry et al. [11] described an enzymatic test utilizing galactosaminide substrate conjugated with an umbelliferyl moiety to identify C. albicans. However, in this test based on detecting only a single enzyme, some strains of C. tropicalis gave false-positive results. By detecting Lproline aminopeptidase in conjunction with b -galactosaminidase Kelley et al. [14] obtained more speci c results. The C. tropicalis strains that produced b -galactosaminidase could be distinguished from C. albicans on the basis of a negative L-proline aminopeptidase enzyme test. Many test kits that employ colourimetric ( uorogenic or chromogenic) detection of these two enzymes have been marketed (Table 3) . Compared to the germ tube (GT) test, these tests have been shown to be more sensitive, more rapid (from 5 to 30 min versus 2 to 4 h with the GT test) and more speci c (Table 4) . Moreover, since they are easy to read, these tests decrease inter-observer variability in identi cation, and increase the overall accuracy of the laboratory [10, 18, 50, 53] . Compared to most of the chromogenic media that only detect the bgalactosaminidase enzyme, the dual enzymatic tests are more speci c, and moreover, are slightly more sensitive [38] . In contrast to chromogenic media, however, enzymatic tests performed on the colonies do not allow recognition of mixed yeast populations on primary isolation plates and require additional manipulations to perform the test. Recently, Bauters et al. [54] described a rapid two-step enzymatic test for the presumptive identi cation of C. albicans, C. glabrata, C. krusei and C. tropicalis. The authors proposed that the rate-limiting factor for enzymatic tests carried out on isolated colonies, as well for enzymatic reactions on chromogenic media, is not the detection procedure itself but, rather, the growth phase preceding or accompanying it. They combined a culture of the samples on a selective Sabouraud glucose agar, allowing growth of microcolonies in reduced time, with enzyme assays carried out on these microcolonies. Coupling this enzyme assay to microcolony formation permitted the presumptive identi cation of the four species in 9 to 11 h. This approach, tested on 301 clinical samples, gave an overall agreement with the conventional method of 94¢4% for samples containing only one Candida species, to 83¢8% for samples containing multiple Candida species. Presently, this method is still under development and further studies to evaluate its reliability and its usefulness must be achieved with a broader array of clinical specimens.
Immunological tests with speci c antisera
The Iatron serological Candida check kit
The Iatron serological Candida check kit (Iatron Laboratories Inc., Tokyo, Japan), was developed 20 years ago in Japan as a rapid system for determining antigen-antibody interactions by a slide agglutination technique similar to that developed by KauffmannWhite for Salmonella spp. The Iatron system is not solely dependent on serology for identi cation because sucrose assimilation is required to distinguish some Candida species. Shinoda et al. [55] indicated that the Iatron method was 95% accurate in the identi cation of Candida isolates. This system is presently limited to the identi cation of a narrow spectrum of Candida species, i.e., C. albicans, C. tropicalis, 'C. stellatoidea', C. guilliermondii, C. krusei, C. kefyr, C. parapsilosis and C. glabrata. It is not widely used due to a lack of speci city of some antisera.
Bichrolatex Albicans and Krusei Color
Two new monoclonal antibody-based latex tests for the rapid identi cation of C. albicans and C. krusei colonies have recently been marketed. The Bichrolatex Albicans test (Fumouze Diagnostics, Asmiè res, France) consists of a suspension of latex particles coated with monoclonal antibodies that speci cally react with a C. albicans cell wall antigen. The Krusei Color test (Fumouze Diagnostics) consists of latex particles coated with monoclonal antibodies reacting with a C. krusei cell surface antigen. These agglutination tests have been shown to be rapid (5 min), sensitive, and speci c [56] [57] [58] . For Bichrolatex Albicans, Freydiè re et al. [56] , Quindos et al. [57] and Robert et al. [58] reported sensitivities of 100%, 99¢74% and 99¢8% and speci cities of 100%, 99¢87% and 99¢4%, respectively. Moreover, this test showed a higher sensitivity for strains of C. albicans which gave falsenegative or weakly positive hexosaminidase reactions on several chromogenic media [38, 56] . Bichrolatex Albicans may be of special interest since it can be performed directly on blood culture bottles without the need for subculture [59] , allowing speci c and rapid identi cation of C. albicans fungemia.
In tests on 322 yeast stock strains, including 33 C. krusei strains, Krusei Color showed a sensitivity (Se) of 100%, a speci city (Sp) of 94¢5% and a positive predictive value (PPV) of 67% with a theoretical prevalence (P) of 10% for C. krusei [56] . Since, in clinical situations, C. krusei represents only 5% of the clinically relevant non-C. albicans Candida species [60, 61] , Krusei Color could not be considered very useful to identify C. krusei. As a matter of fact, the PPV varies in proportion to the prevalence [PPVˆP/Se £ P ‡ (1 ‡Sp) (1¡P)], so that if the prevalence of C. krusei is 5% instead of 10%, the PPV diminishes still further. The conclusion is that Krusei Color is not a very useful reagent to identify C. krusei in a clinical setting. Moreover, several additional agglutination reagents must be developed for the other encountered species.
Biochemical and enzymatic panels used subsequent to primary isolation
A recent advance for yeast identi cation is the development of identi cation systems based on direct enzyme detection. These systems regard a yeast as a source of preformed enzymes, and provide physiologically optimal substrates to determine the yeast's enzymatic pro le. By using a heavy inoculum (equal or greater than a No. 3 McFarland turbidity standard) and chromogens to detect 
Time (min) required for the enzymatic reaction enzymatic reactions, growth is no longer needed to attain the reaction endpoint. Because of the requirement for a large inoculum, however, an additional subculture of the primary isolation plate is needed, delaying identi cation.
Manual methods
(i) Fongiscreen (Sano Diagnostics Pasteur, Marnes la Coquette, France) (Table 5) consists of seven biochemical tests: tetrazolium reduction, trehalose assimilation and the detection of ve enzymes. This system requires an inoculum equal to a No. 4 McFarland turbidity standard, and is read by assessing cupules for colour change. It is designed to identify C. albicans, C. tropicalis, C. glabrata and C. neoformans after 4 h of incubation at 37 o C. Quindos et al. [62] reported sensitivity and speci city rates of 100%, whereas Hoppe et al. [36] reported the non-identi cation of 10% and 50% of C. glabrata and C. tropicalis isolates respectively (Table 6 ). Moreover, this system is relatively expensive compared to other systems allowing the identi cation of a broader range of species [63, 87] .
(ii) Screening test for C. glabrata identi cation. Stockman & Roberts [88] developed a screening test based upon the ability of C. glabrata to assimilate trehalose in the presence of cycloheximide within 1 h when incubated at 37 o C. However, false-positive results were observed with several Candida species, notably some strains of C. tropicalis. To improve the speci city of the test, Land et al. [89] combined trehalose fermentation with growth at 42 o C. Using these latter conditions, this screening test had a sensitivity and speci city of 97¢8% and 95¢8%, respectively. However, both screening tests use a pH indicator to reveal acidi cation due to utilization of trehalose, and it is dif cult to control the buffer capacity of the system and to avoid false-positive results. In addition, these tests require a large inoculum. Fenn et al. [90] compared two assimilation methods, the Remel Rapid Trehalose Assimilation Broth and the Mayo Clinic Rapid Assimilation Broth described by Stockman & Roberts [88] , and two fermentation methods, the Hardy Diagnostics Trehalose Fermentation and the Remel Yeast Fermentation Broth with Durham Tube used as recommended by Land et al. [89] . They recommended 'the use of Remel Rapid Trehalose Assimilation Broth because of its rapid, 3-h results, reasonable sensitivity and low number of false positives'. As another alternative, Peltroche-Llacsahuanga et al. [91] described a 3-h trehalose test using a glucoseoxidase reaction rather than a pH indicator for the detection of trehalose hydrolysis. This glucose-oxidase test was carried out with a commercially available dipstick commonly used for measuring glucose in urine.
This test has the advantages of needing only a small inoculum and of using economical, commercially available products. Furthermore, the authors proposed its utilization in combination with CHROMagar Candida, a chromogenic medium which clearly distinguishes C. tropicalis colonies (blue) from C. glabrata colonies (pink). Thus if the test is applied to pink colonies, its speci city will increase since C. tropicalis, the main species yielding false-positive reactions, will previously have been eliminated by CHROMagar Candida testing. Since C. glabrata represents a substantial part of the workload in a clinical laboratory, this approach might result in a signi cant reduction in direct and indirect costs.
(iii) Cryptococcus neoformans identi cation. Several rapid tests can also be used to identify C. neoformans [92, 87] . A direct microscopic examination of clinical material after India ink preparation may allow the detection of encapsulated C. neoformans. But this method, albeit simple and inexpensive, lacks sensitivity. Thus, a latex agglutination test (LAT) or an enzymelinked immunoassay (EIA) to detect the cryptococcal capsular antigens is preferred [93, 94] . In general, EIA is used with a large number of samples [94] . Several LAT are commercially available: Calas (Meridian Diagnostics, Cincinnati, OH, USA), Crypto-LA (International Biological labs, Cranbury, NJ, USA), Myco-Immune (Microscan, Mahwah, NJ, USA), Immy Latex-Crypto Antigen (Immunomycologics, Norman, OK, USA), CRYPTO-LEX (Trinity Laboratories, Raleigh, NC, USA), Pastorex Cryptococcus (Sano Diagnostics Pasteur). These LAT are both sensitive (93-100%) and speci c (93-100%) and equivalent in detecting cryptococcal antigen in cerebral spinal uid [93, 94] . However, for detection of the cryptococcal antigens in serum, kits including pronase have shown superior results [94] . Of note, to avoid false-positive agglutination caused by disinfectants and soaps, these agglutination tests must be carried out on disposable ring slide [95] .
For the identi cation of Cryptococcus colonies, three enzymatic tests, namely urease, nitrate reductase and phenoloxidase reactions, can provide a preliminary identi cation of C. neoformans in 3-4 h. For urease detection, a heavy inoculum of yeast is suspended in 0¢5 ml of an urea-indole broth and incubated at 37 
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Uni-Yeast-Tek For the phenoloxidase detection, a plate of niger seed agar can be heavily inoculated and incubated at 37 o C; a brown pigment will be produced by C. neoformans within 4 h. This test is also present in the following commercial yeast identi cation panels: Auxacolor (Sano Diagnostics Pasteur) Fungichrom I and Fungifast I Twin (International Microbio, Signes, France). All the other commercial yeast identi cation panels mentioned below, using either carbohydrate assimilation and/or the detection of enzymatic activities and allowing identi cation in 4 h can also be used. However, with these systems, several authors mentioned misidenti cation of C. neoformans either at the genus level, with API 20C AUX [69] , with API Candida [80, 86] , with RapID Yeast Plus System [96] or at the species level with Vitek YBC and RapID Yeast Plus System [70] . The misidenti cations at the genus level, e.g., misidenti cation of phenoloxidase-positive Trichosporon spp. as C. neoformans, would have been avoided if morphological criteria had been taken into account. For this reason, the routine use of morphology agars with all biochemical systems is recommended.
(iv) The RapID Yeast Plus system (Innovative Diagnostic Systems, Norcross, GA, USA) (Table 5) (Table  7) , Kitch et al. [97] , McNulty et al. [98] , Heelan et al. [100] and Wadlin et al. [70] , recommended this system for routine laboratory use. Of signi cance, however, Espinel-Ingroff et al. [99] found that this kit identi ed 95¢7% of common yeast pathogens, but only 79¢1% of emerging pathogenic Candida spp. and 75¢2% of other emerging yeast pathogens. Based on these data, these authors concluded that this system should be used with caution when identifying the less common yeasts. In our laboratory, using the inoculum density recommended by the manufacturer (minimum No. 3 McFarland density standard) only 84% of 156 clinical isolates were identi ed with a misidenti cation rate of 16% [80] . We presumed that this lower correct identi cation rate might be due to (i) dif culties in interpreting colour changes, (ii) some database inadequacies for biotypes found in our geographical area, or (iii) a potential effect of the agar medium used for the growth of the isolates. Indeed, concerning bacteria, Mana et al. [113] clearly stated that enzymes may give different results depending on the medium on which the culture was grown prior to the test. Similarly, Odds [114] stated that physiological properties (such as acid phosphatase production) of fungi cultivated on Sabouraud agar may vary considerably according to the type of peptone used in the medium. Recently, based on the study of 225 yeasts, Smith et al. [96] reported an identi cation rate of 87¢1% with an incorrect identi cation of 10 of the 30 C. neoformans strains tested. They concluded that the system appeared to be inoculumdependent and that utilization of an inoculum density corresponding to a No. 3 McFarland turbidity standard seemed to reduce misidenti cations. Further studies are needed to investigate the different questions that have been raised about this kit.
Automated method
The Rapid Yeast identi cation panel (Dade MicroScan, Inc., West Sacramento, CA, USA) ( Table 5 ) contains 27 dehydrated substrates to identify yeasts within 4 h. An inoculum equal to a No. 7-8 McFarland turbidity standard is required. The appearance of chromophores released by enzymatic hydrolysis of amino acid bnaphthylamides or nitrophenyl-linked carbohydrates is detected by the addition of p-dimethylamino-cinnamaldehyde or 0¢05 N NaOH, respectively, to the appropriate wells. The assimilation of sucrose and trehalose is determined by a visible acidic shift in the chlorophenol pH indicator. An insoluble blue to blue-gray precipitate indicates the presence of indoxyl phosphatase, and urease is detected by an alkaline shift in a pH indicator. Test results are converted to a nine-digit number and compared with those listed in the manufacturer's printed database. In a comparison with the API 20C system (Table 7) , Land et al. [101] , testing 437 clinical isolates, reported identi cation rates of 92% for taxa included in the database and 85% of all the yeasts included in the study. St. Germain & Beauchesne [102] , reported identi cation rates of 78% with no additional tests and 96¢6% with additional tests on 357 clinical isolates. Riddle et al. [103] , testing 150 clinical isolates, reported identi cation rates of 67% without additional tests versus 85% with additional tests (Table 7 ).
Comparative analysis of four different C. albicans identi cation methods
To determine the most ef cient system for C. albicans identi cation, a laboratory must consider not just published data on the performance of different reagents, but also their cost. With the present health care economic climate, microbiologists must critically evaluate current procedures used for the evaluation of specimens. This evaluation must include all identi able costs including reagents, consumable materials, and the labour associated with processing time. A balance between quality of performance and cost of the method must be found.
A comparative analysis of the cost-effectiveness of four different identi cation methods of C. albicans is reported in Table 8 . The GT test consumes the most bench time. Chromogenic media provide the most ef cient technique in terms of detection, and are the least time-consuming. The enzymatic test and the latex agglutination Bichrolatex Albicans test are less timeconsuming than the GT test but require consumables that are more expensive.
In conclusion, it is clear ( Table 8 ) that in developed countries where the processing time is expensive (2.10 French Francs for 1 min of technician time), GT is not the cheapest method and chromogenic media can be economically advantageous.
Biochemical and enzymatic panels requiring 15 h or more
Several commercially available biochemical panels based upon carbohydrate assimilation, fermentation, or enzyme detection were developed (Table 9 ). Since these panels represented a miniaturized version of conventional tests, the rst panels required the use of morphology in conjunction with their physiological data. Subsequently, several newer panels have been developed that use a pH indicator instead of turbidity to determine the end point of growth, or use chromogenic substrates for detecting preformed enzymes. These systems attempt to increase both rapidity of identi cation and objectivity by diminishing the need for morphological examination. Although these panels are not yet widely evaluated, several are described below since the rst results seemed promising.
Manual systems
(i) The API 20 C AUX system (bioMé rieux, Marcyl'Etoile, France) consists of 19 carbohydrate assimilation tests read by assessing cupules for turbidity. Following incubation at 30 o C, the strips are read at 24, 48 and 72 h. A pro le number is generated for each strip depending upon the reactions produced. Identi cations are made by referring to the API Analytical Pro le Index. Final identi cation is achieved when the pro le number is listed as excellent, very good, good or acceptable, and the results are correlated with results for rice agar Tween medium. For isolates listed under the category 'low selectivity' that cannot be identi ed by morphology agar, supplemental tests such as KNO 3 utilization, growth at 42 o C and urease production must be used to con rm the identi cation. While Buesching et al. [64] , Shinoda et al. [55] , Land et al. [65] , Schuffeneker et al. [67] and De Louvois et al. [66] reported identi cation rates of 96%, 96%, 98%, 90% and 86%, respectively, Bergan et al. [68] reported an identi cation rate of only 77% (Table 6 ).
Subsequent to the publication of several studies showing good results with API 20C AUX, many authors have employed this system as a reference method [3, 79, 102, 103, 107, 108] . However, recent comparative studies have shown that newer systems such as Auxacolor and Fungichrom that use pH indicators to detect carbohydrate assimilation and/or chromogenic substrates to detect preformed enzymes, yielded similar identi cation rates [67, 79, 83] . In addition, these new systems have the advantage of providing more rapid results, of being easier to read, and of being more reliable than API 20 C AUX [67, 79, 81] . As a matter of fact, assessing cupules for turbidity is dif cult and this dif culty increases interobserver variability of interpretation [81] . Thus, API 20C AUX may be displaced by methodologies with improved rapidity of identi cation and ease of reading.
(ii) The Microring YT system (Medical Wire & Equipment Co., Victory Gardens, NJ, USA) is based on the different susceptibilities of yeasts to six chemicals or dyes. Microring consists of lter paper disks numbered 1 to 6 and impregnated with Janus green, ethidium bromide, triphenyl tetrazolium chloride, brilliant green, cycloheximide and rhodamine 6G. 
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ã 2001 ISHAM, Medical Mycology, 39, 9-33 y, for API 20 C AUX: KNO measured. Reactions are scored for each tip and a six digit code number is generated for each isolate. Compared to a conventional method and to the API 20C AUX, Shankland et al. [71] reported an identi cation rate of only 52¢8% of 142 clinical isolates, using the Microring YT system. They noted that results were often dif cult to read and subject to inter-laboratory variations. Compared to the API 20C AUX, McGowan et al. [72] correctly identi ed only 68% of the 458 isolates tested (Table 6) , and concluded that the Microring system was inadequate for identi cation of many commonly isolated yeasts.
(iii) The Uni-Yeast-Tek system (UYT; Remel Laboratories, Lenexa, KA, USA) consists of 11 peripheral wells, all sealed and containing solid media for the performance of urea, carbohydrate assimilation and nitrate tests. The central well contains cornmeal Tween agar for the morphological examination of the yeasts. The wheel is inoculated with a 1 ‡ Wickerham suspension of organisms and incubated at 30 o C. Growth, as indicated by colour changes of pH indicators, is assessed daily for 6 days and morphological characters are evaluated microscopically on day 6. The results yield a four digit identi cation biocode for each isolate. For each biocode, the UYT code book lists one to four possible identi cations and the percent probability that the identi cation is correct for each. When compared to a conventional method, Bowman et al. [73, 74] , Ngui Yen et al. [75] and Cooper et al. [76] reported identi cation rates of 99¢8%, 99%, 95% and 92%, respectively for the UYT system (Table 7) . Fuchs et al. [115] analysed the performance of 400 participants in a College of American Pathologists test in identifying 15 medically important yeasts. They concluded that both API and UYT performed acceptably well in routine clinical laboratories when used in conjunction with morphologic observations and when indicated, supplemented biochemical test. More recently, based on the study of 453 isolates tested, Salkin et al. [77] reported that only 40% were identi ed unambiguously by the system, 22% were correctly listed as rst choices but with less than 67% probability indexes, and 25% were also listed but not as rst choices. Thus, the overall accuracy of the system was 87% with supplemental tests.
(iv) The Auxacolor system (Sano Diagnostics Pasteur) is based on 16 colourimetric tests including 13 sugar assimilation tests, a cycloheximide susceptibility assay, and a phenoloxidase activity detection test. Colour changes are recorded after incubation at 30 o C for 24 to 48 h. Six morphological criteria must be considered to establish the numerical pro le. Fricker-Hidalgo et al.
[78], Campbell et al. [83] , Sheppard et al. [81] , Schuffenecker et al. [67] and Waller et al. [79] reported identi cation rates of 91%, 91¢2%, 91¢4%, 95¢4% and 96%, respectively. Correct identi cation rates of 67% and 89% after incubation for 24 h and 48 h, respectively, were obtained recently by Buchaille et al. [80] , with a misidenti cation rate of 3¢8%. In previous works [67, 78] , Auxacolor was found to be a more rapid method than ID 32 C and API 20 C AUX systems (Table 6 ). Thus, in tests of early identi cation results obtained after incubation for 24 h, accuracy rates of 67% with Auxacolor versus 32% with ID 32 C were obtained by Buchaille et al. [80] . These results were similar to those of Fricker-Hidalgo et al. [78] who reported 24 h identi cation rates of 77¢4% with Auxacolor versus 47¢1% with ID 32 C. [82] reported correct identi cation rates of 65% and 89%; 71% and 96%; and 75% and 81%, respectively. Paugam et al. [82] established the identi cation rates on the sole biochemical pro le, without any extra test for any isolate and found a misidenti cation rate of only 2¢5%. By using morphology on rice agar Tween in addition to the biochemical pro le, Buchaille et al. [80] found a misidenti cation rate of 4¢5%. They noted that, due to a judicious choice of enzymatic activities, this system decreased the importance of morphological characteristics for several Candida species, most notably for C. glabrata, the second most commonly isolated Candida species from human disease. (Table 6) , the identi cation rates of 65% and 98% obtained after incubation for 24 and 48 h, respectively, as reported by Buchaille et al. [80] were close to those of 73% and 96¢2% reported by Michel Nguyen et al. [84] . Compared to the API 20C AUX system, Paugam et al. [82] reported an identi cation rate of 77% after 24 h of incubation. These three studies showed good performance in identifying the 10 species included in the database. Based on 1314 clinical isolates [17, 22, 24] , however, these 10 species represent a high proportion (94%) of our laboratory isolates only if all C. albicans isolates are included, but encompass only 30% of the non-C. albicans isolates.
(vii) The API Candida system (bioMé rieux) is a strip allowing 12 colorimetric tests to be performed: ve carbohydrate acidi cation tests and seven enzymatic tests. After incubation for 24-48 h at 37 o C, colour changes are recorded without addition of reagents. After incubation for 24 h, the identi cation rates found by Buchaille et al. [80] , Fricker-Hidalgo et al. [85] and Paugam et al. [82] were 68%, 74% and 81%, respectively. However, when pro le numbers generated by API Candida yielded two or more possible species identi cations for strains identi ed by reference methods as C. inconspicua, C. krusei and C. norvegensis, the complete identi cation required additional tests such as morphology and carbohydrate assimilation. Assimilation tests are not provided by the manufacturer. The system was unable to exclude some isolates not included in the database, notably C. lipolytica which was systematically identi ed as C. krusei [80, 82] . Moreover, the misidentication of some strains of C. tropicalis, C. lusitaniae, C. famata, C. guilliermondii and C. parapsilosis is mentioned by several authors [80, 83, 85, 86] .
Automated systems
(i) The ID 32 C strip (bioMé rieux) (Table 10 ) is a fully automated system for identi cation with the ATB expression or mini-API instruments; manual use is also possible. It consists of 32 cupules to perform 29 assimilation tests, one assimilation negative control, one cycloheximide susceptibility test and one colourimetric test for esculine. The reactions are read without addition of reagent, after 24-48 h of incubation at 30 o C. Carbohydrate assimilation is considered positive in a cupule when turbidity is greater than that obtained in the carbohydrate-free control cupule. ID 32 C has been used by several authors as a reference system [78, 85, 104] due to its extensive database and accuracy. After incubation for 72 h, the identi cation rate of 98% obtained by Buchaille et al. [80] with ID 32 C, was close to the 94% and 97% rates reported by Doucet et al. [105] and Gutierrez et al. [104] , respectively. Latouche et al. [116] comparing the performance of Vitek YBC, ID 32 C and one genotypic method to a conventional method showed that Vitek YBC and ID 32 C systems performed adequately with positive identi cation rates of 87¢3% and 76¢8%, respectively. Based on the study of 123 common and 120 rare clinical yeast isolates, Ramani et al. [117] found that ID 32 C facilitated the correct identi cation of 92% common and 85% rare isolates. In these two last studies performed in the USA, the ID 32 C system yielded lower correct identi cation rates than in previous studies carried out in Europe. Ramani et al. [117] presumed that the geographic origin of the strains may have played a role and that the manufacturer may have not adequately regionalized the strains in the database.
(ii) The Vitek system (bioMé rieux Vitek Inc., Hazelwood, MO, USA) ( [118] . In 1988, Pfaller et al. [119] reported that the overall accuracy of 83% for the YBC was not suf cient to recommend this system for routine use in a clinical microbiology laboratory. Subsequently, Vitek expanded the YBC database and allowed for a 48-h incubation when necessary. El-Zaatari et al. [106] testing the YBC with an updated and expanded database found an overall accuracy of 97¢2% and concluded that YBC was markedly improved and provided a rapid and reliable identi cation of yeasts. More recently, Fenn et al. [107] identi ed 89¢7% of 406 yeast isolates; 77¢4% of isolates were identi ed after 24 h of incubation. Dooley et al. [108] identi ed 93% of commonly isolated yeasts (n 222), and only 55% of unusual organisms (Table 7) . Both studies mentioned some problems with the identi cation of C. tropicalis, C. krusei and Trichosporon species and recommended the routine use of morphology agar. Compared to the API 20 C AUX system, Riddle et al. [103] identi ed 85% of 150 yeast isolates on initial testing and 95% after repeat testing; Gutierrez et al. [104] reported an overall agreement of 98% for 100 clinical isolates, compared to a conventional method (Table 7) .
(iii) The Vitek 2 ID-YST card (Table 10) [111] , the system correctly identi ed 74%; the authors concluded that the Biolog system appeared to be a good method for identifying many clinically important yeasts. In contrast, both McGinnis et al. [110] who tested 159 isolates, and Sand & Rennie [69] who tested 171 germtube negative isolates, found that the system correctly identi ed only 48% of the isolates included in the Biolog database. In addition, McGinnis et al. [110] found that the identity of some isolates changed substantially depending on the length of incubation, and that 56¢7% of the isolates not included in the database were given incorrect names from the system's database.
Physicochemical methods
Cellular fatty acid (CFA) analysis by gas-liquid chromatography
Gas-liquid chromatography (GLC) as a tool for the rapid identi cation of the yeasts appeared to be very promising in the early 1990s [120] . Microbial Identi cation System (MIS) (Microbial ID, Inc., Newark, DW, USA) is a commercially available, computer assisted microbial identi cation system. In 1996, the manufacturer released a computer database (version 3. A dilute solution of NaOH in distilled water is used to remove free fatty acids and residual reagents from the organic extracts. The upper solvent phase is placed in gas-liquid chromatography vials. The MIS uses a Hewlett-Packard (Avondale, PA, USA) model 5890A gas chromatograph with a ame ionization detector. It is equipped with a 25-m methyl phenyl silicone-fused capillary column and uses hydrogen as the carrier. The output from the chromatograph is fed to an integrator for calculation of peak retention times and areas. These data are then transferred to a computer for peak identi cation and comparison of the pro le with reference pro le libraries which generate a similarity index. A similarity index of 1 indicates a perfect match. MIS output includes a chromatograph, pro le report, library search report, and similarity comparison chart.
Using this current MIS version, of the 550 clinical isolates tested by Crist et al. [3] , 68% were correctly identi ed to the species level, 15¢8% were misidenti ed and 16¢2% were not identi ed at all. Of the 477 isolates tested by Kellog et al. [112] , 75% were correctly identi ed to the species level. Thus, these authors concluded that MIS does not appear suitable for routine identi cation of clinically important yeasts. Recently, Kellogg & Bankert [121] demonstrated that the commercial source of Sabouraud glucose agar used in the MIS procedure plays an important role in the success or Yeast identi cation failure of this system for identi cation of yeasts to the species level.
Physicochemical spectroscopic methods
Recent advances in analytical instrumentation allowed the development of spectroscopic methods referred to as 'whole-organism ngerprinting'. These methods, which seem to be usable for diagnostic and epidemiological determinations in both bacteria and yeasts, appear to offer many advantages: minimum sample preparation, direct analysis of samples, rapidity, automation, accuracy and low cost. Fourier transformed-infrared (IR) spectroscopy (FT-IR), and pyrolysis-mass spectrometry (PyMS) are the most common methods.
FT-IR spectroscopy measures vibrations of functional groups and elasticities of highly polar bonds such as oxygen-hydrogen bonds. These ' ngerprints' are made up of the vibrational features of all the cell components, i.e., DNA, RNA, proteins and membrane and cell-wall components. FT-IR allows the chemically based discrimination of intact microbial cells, without requiring their destruction, and produces complex biochemical ngerprints which are reproducible and distinct for different bacteria and fungi. Naumann and coworkers [122, 123] have shown that FT-IR absorbance spectroscopy (in the mid-IR range, usually de ned as 4000 to 400 cm
¡1
) provides a powerful tool with suf cient resolving power to distinguish microbes at the strain level.
PyMS involves the thermal degradation of complex material (such as bacteria or fungi) in a vacuum by Curie-point pyrolysis; this causes molecules to cleave at their weakest points to produce smaller, volatile fragments collectively called pyrolysate [124] . A mass spectrometer can then be used to separate the components of the pyrolysate based on their mass-to-charge (m/z) ratios to produce a pyrolysis mass spectrum, which can then be used as a chemical ngerprint of the complex material analysed. PyMS is well established within microbiology for the characterization of bacterial systems. In particular, the technique has been successful for the inter-strain comparison of a variety of medically important organisms [125] [126] [127] .
Kummerle et al. [128] , using FT-IR for the identi cation of 332 de ned strains of food-borne fermentative yeasts, found a correct identi cation of 97¢5% of the strains. They concluded that this easy method allowed a rapid identi cation within 24 h, when starting from a single colony and overall possessed a high distinction capacity. This appears to render FT-IR technology clearly superior to other routine methods for the identi cation of yeasts. Schmalreck et al. [129] studied FT-IR in comparison with conventional methods for diagnosis and epidemiological determinations of yeasts pathogenic for humans as well as algae pathogenic for animals. They demonstrated that FT-IR is suitable for routine identi cation and differentiation of these yeasts and algae. However, they concluded that despite the gain in knowledge by using FT-IR for the characterization of microorganisms, for a nal taxonomic classi cation a combination of conventional methods on FT-IR together with more sophisticated molecular genetic procedures is necessary.
Studying 29 clinical Candida strains identi ed by conventional methods as belonging to one of the closely related species, C. albicans and C. dubliniensis, as well as the C. albicans subtype previously called 'C. stellatoidea'. Timmins et al. [130] demonstrated that both PyMS and FT-IR were able to distinguish three distinct clusters. Moreover, they found that these phenetic classi cations were very similar to those obtained by HindfI restriction enzyme digestion patterns of genomic DNA and by use of the 27A C. albicans-speci c probe. They concluded that both rapid spectroscopic methods are able to successfully discriminate among these three closely related groups.
Tintelnot et al. [46] evaluated phenotypic markers for selection and identi cation of C. dubliniensis. They studied FT-IR in comparison to several phenotypic methods (i.e., chlamydospore formation, intracellular b -D-glucosidase activity, ability to grow at 42 o C, carbohydrate assimilation pattern obtained by the ID 32 C panel) and to the sequencing of the 5 0 end of the nuclear large-subunit (26S) ribosomal DNA gene for the identi cation of 170 isolates giving dark green or other green colonies on CHROMagar Candida medium. They concluded that FT-IR spectroscopy combined with hierarchical clustering was as reliable as genotyping for discrimination of C. dubliniensis from C. albicans.
Although these methods show possible applications in identi cation and in inter-strain discrimination, the specialized equipment required, and its cost, mean that use of these promising future assays will probably be limited to large reference and research laboratories.
Conclusion
Correct identi cation of clinical yeast isolates has become essential for optimal clinical management, as well as for detailed epidemiological studies and the prevention and containment of outbreaks.
Because of the lack of standardization of the different studies evaluating yeast identi cation panels, clinical laboratory managers have some dif culty in objectively determining the best identi cation system. To improve standardization of the different studies evaluating identi cation panels, Miller [131] has developed guidelines for study protocols and common formats for data representation. Thus, strict collaborative comparative evaluation of different systems, following Miller guidelines, and performed in the same conditions with the same specimens or with the same strains from different geographical areas could be of considerable assistance for clinical managers. The well quality controlled and reliable methodologies maximize the accuracy of the laboratories, diminish the discrepancies within and among laboratories, and provide the rst step for carrying out valid comparisons whose results are applicable internationally.
A useful yeast identi cation system should have the following properties:
1. The database of the system should be optimized for organisms recovered from the clinical specimens; however this database has also to be suf ciently broad to allow the identi cation of new emerging opportunistic pathogens. 2. The system should be able to accurately and reproducibly identify taxa contained in its database. Likewise, the system should be able to exclude isolates without providing identi cations when the taxa are not included in the database. 3. There should be no misidenti cations. 4. Identi cation rates should achieve or surpass the 90-98% identi cation rate obtained with the best systems. Strains not identi ed with these systems should be identi ed as needing to be sent to a reference laboratory. 5. The system should tend to diminish the requirement to additional diagnostic tests to con rm the identity of the species, since these additional tests increase laboratory costs, are time-consuming and may delay the initiation of appropriate treatment. 6. The system should be rapid, easy to use and costeffective.
Recently, an increasing number of opportunistic pathogens, including unusual yeasts has been observed. The databases for all of the biochemical systems have been shown to have insuf cient representation of the unusual yeasts or to omit some species altogether [116] . These dif culties are not simple to alleviate because manufacturers must anticipate which species may arise as new opportunistic pathogens following the commercial release of their systems. Nowadays, unusual yeasts which cannot be identi ed by using available biochemical systems must be identi ed by conventional, physicochemical or genotypic methods in a reference laboratory.
